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Learning Objectives

ÅUnderstand the effects of air leakage on energy 

consumption

ÅLearn about typical leakage locations in 

commercial and institutional buildings

ÅUnderstand how common leakage locations result

ÅLook at the results of several retrofits

ÅLearn about testing for envelope leakage and what 

an envelope inspection entails

ÅUnderstand why so many of our buildings have 

building envelope issues
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Defining The Building Envelope

The skin of the building can be 

made of many materials pre-

cast concrete; marble, metal 

and EIFS are but a few. But they 

all have something in common. 

That is the skeleton frame work 

from which the curtain walls, 

windows, roof and doors are 

hung.
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New Construction

ïBegins with design

ïInclude the use of a commissioning agent

ïFormulate a baseline

ïEntire team understands the parameters

ïTrack performance

Elements of Envelope Commissioning
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Existing Structures

ïEngage with a respected commissioning 

agent

ïInvestigate traditional migration paths

ïEstablish a baseline

ïEngage your entire staff

ïAccountability is usually a key success   

factor

Elements of Envelope Commissioning
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Commissioning Plan

Å Specify the air tightness target at a very early design stage

Å Specify the air barrier and itôs components.

Å Boiler rooms, mechanical rooms, electrical & plumbing shafts should 
be inside the air barrier.

Å Require an air barrier design from the architect or design/build 
contractor

Å Consider specifying an air tightness consultant to review the 
drawings

Å Consider specifying industry certified inspectors to inspect the 
building during construction

Å Clearly communicate the requirements to ALL design and 
construction parties.
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Architects

Air tightness starts at the design stage.

Architects need to know what makes a 

building inherently air tight; and where air 

leakage paths are most likely to occur so 

they can ñdesign outò or at least have the 

areas sealed by the contractors.
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Contractors

The contractor is critical in ensuring the 

air tightness of the building by applying 

ñgood construction methodsò.

Will they assume responsibility for air tightness at the interface 

between envelope subsystems? 
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Commissioning Agent

The CA is the owners advocate in the 

commissioning process. 

He has no vested interest in the outcome other than insuring that the 

clientôs facility operates   as it was intended and that performance 

documentation is produced.
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Is Building Commissioning 
Worth the Cost?
By Dave Barista  BUILDINGTEAM360

ñThe role of the BC agent- identifying flaws 

and deficiencies in new and existing buildings 

ïis critical to meeting a buildings design intent 

and maximizing the performance of its 

systems.  Yet only about 1% of buildings in the 

U.S. are commissioned, according to the U.S. 

Energy Department.ò
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A recent report completed July 2009 by the 

Lawrence Berkeley National Laboratory 

provides new insight:

http://cx.lbl.gov/2009-assessment.html

Building Commissioning
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Building Commissioning:
.

Study utilized a database of 643 buildings located in 26 states

Represented 100 million square feet of floorspace

Took place in buildings representing $2.2 billion in total construction 

costs

A Golden Opportunity for Reducing Energy Costs and 

Greenhouse Gas Emissions
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Building Commissioning:
.

A Golden Opportunity for Reducing Energy 

Costs and Greenhouse Gas Emissions

Median normalized cost to deliver commissioning was 
$0.30 sq ft for existing buildings and $1.16 sq ft for new 
construction or 0.4% or the overall construction cost.

Commissioning projects revealed over 10,000 energy 
related problems resulting in 16% median whole-building
energy savings in existing buildings and 13% in new 
construction with payback of 1.1 years and 4.2 years 
respectively
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The Problemé..
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Uncontrolled                                               

and uncontrollable                                            

air leakage                                                     

in and out 

of a building, 

caused byé

What is making buildings less healthy, safe, 

durable, comfortable and energy-efficient?
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Stack Effect
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Empirical Observations

Stack Effect in Two or 

more Story Buildings
In winter the air inside the building is 

warmer than that outside; it therefore 

has a lower density.  This density 

difference, between the inside and 

outside air, sets up a pressure 

difference across the building 

envelope.  The pattern of this 

pressure difference is shown in the 

drawing, where the arrows show the 

direction and relative size of the 

pressure effect. This pattern is 

present in all heated buildings, and is 

known as the stack effect.
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High Rise Air leakage Issues

Due to the stack effect on 

buildings, the high rise units 

have greater leakage potential 

from ñinteriorò holes than one 

story buildings.  Greater 

pressure differences increase 

the leakage ratio exponentially.

Higher floors have overheating 

issues both in summer and 

winter as well as lower floors 

having colder temperatures 

summer and winter.
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Wind Effect



Wind Effects ïnot so simple

measured p ~ -4

measured p ~ -3

measured p ~ +1.5

http://www.cibse.org/docs/Philippa.doc
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Empirical Observations

Wind Effect
From everyday experience, it is known 

that wind creates pressure ïthe 

stronger the wind, the greater the 

pressure.  When a wind blows around 

a building it creates an inward 

pressure on the up-wind side.  A very 

simplified form of wind effect is shown 

in the photo to the right. In practice, 

there is also a complicated wind 

pressure pattern across the buildingôs 

ceiling. 



23

Mechanical effect



Mechanical effect comes in many flavors

Direct drive and belt driven



Ventilation duct ROôs can be big leaks!
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How is air leakage effecting 

our energy consumptioné.
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ÅSchool building ï29%

ÅHigh-rise multi-family ï40%

ÅHigh-rise commercial ï22-46%

ÅSupermarkets ï2 to 4 times more leaky 
than high-rise and school buildings  

Effects of uncontrolled air leakage 

on energy consumption
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ÂFederal National Science and Technology Report 

definition, 

October 2008

ÂReferences the Net Zero Energy Commercial Buildings 

Initiative, 2007 Act

ÂFederal buildings to support the design and construction 

of buildings that will produce as much energy as they 

consume, double the service life of materials and 

products, halve the use of domestic water, improve 

occupant health, productivity and comfort.

Governments
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Healthcare

High performance building envelopes can reduce 
the risk to healthcare facilities:

ÂHealth concerns: mold, IAQ, mildew, dust, pests, odors

ÂJoint Commission on the Accreditation of Healthcare 
Organizations--agency requirement for hospitals, lost 
accreditation - political, financial pain, lost medical staff, 
infection control
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Sunnybrook Hospital

Challenge

ÂMajor 22-building healthcare 
campus

ÂHad a $13 million energy bill

ÂNeeded to fund building 
upgrades

Action and result

Â ESCO contract

ÂIncluded air sealing windows, 
exterior doors, service and 
ductwork penetrations

ÂEnergy bill dropped 17 
percent
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Education

High performance building envelopes can help 
schools, colleges and universities meet challenges:

ÂHealth concerns: mold, IAQ, mildew, dust, pests, odors

ÂFunding shortfalls

ÂMandated ógreenô performance

ÂNeed to implement non-energy upgrades
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Dearborn School District

Challenge

Â30 buildings

ÂNeeded 
electrical/mechanical 
upgrades

Action and result

ÂESCO contract

ÂAdded air sealing to 
electrical/mechanical

ÂRoof/wall intersections, 
exterior doors, windows, 
doors and roof penetrations

ÂEnergy bill dropped $3 
million



Doors

WindowsSkylights

Roof

Fans

Elevation Changes

Attached Porches and 

Soffits

Roof Wall Joint

Lets go to school



High rise issues
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Air sealing 

Â Controls movement of air into and out of the building

Â Reduces heat loss

Â Reduces dust, mold and pollutants in the building

Â Reduces noise and odors

Â Reduces condensation, mold and mildew

Â Improves overall building envelope and building 
performance

Benefits of air barrier retrofit



Effects of uncontrolled air  leakage on 

energy consumption:
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2004 NIST Study Conclusion:

Å Continuous Air Barrier Systems can:

Â Reduce air infiltration by more than 60%

Â Reduce energy consumption by up to 40%
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You get what you inspect, 

not what you expect!!!
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Â Building envelope assessment

Diagnosing the problems
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ï Building envelope assessment

ï Depressurization testing

Diagnosing the problems
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Blower Door Testing
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ï Building envelope assessment

ï Depressurization testing

ï Locating air leakage paths

Diagnosing the problems
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ï Building envelope assessment

ï Depressurization testing

ï Locating air leakage

ï Infrared thermography

Diagnosing the problems
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Infrared Imaging

Hidden un-insulated areas are easily 

defined even when the room is 

completely finished 
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Infrared Imaging

Air pathways  from exterior 

to the interior entrance point 

can be identified even after 

the drop ceiling is in place.



A few more examplesé



Three Schools

ï 1970s ïwhere it all started 

ï Roof/wall joints

ïBrimwood SPS ï9.4% electricity cost savings

ïChester Blvd. PS ï17% electricity

cost savings

ïBrookmill Blvd. PS ï36.5 electricity cost savings

Success stories

Air Barrier Continuity



Example ïDonald St. Ottawa

ï Peak demand before 

air sealing ï772 kW

ï Peak demand after air 

sealing ï687 kW

ï Consumption 

reduction after air 

sealing ï12%

Success stories

Air Barrier Continuity



Example ïDonald St. + Bridletown
How each air sealing measure contributed to combined demand 
reduction:

ï Weatherstripping windows ï42%

ï Weatherstripping exterior doors - 28%

ï Sealing shafts ï14%

ï Miscellaneous ï14%

Success stories
Air Barrier Continuity



Example ïBridletown, Toronto

ï Peak demand before air sealing ï496 kW

ï Peak demand after air sealing ï454 kW

ï Consumption reduction after                                                          

air sealing ï6.5%

Success stories
Air Barrier Continuity



Unintentional daylighting

The roof wall connection








